Introduction
[2] The accretionary prism [von Huene, 1986] is by definition the volume of rock accreted from the lower plate of a subduction zone to the fold and thrust belt of the upper plate. The aim of this paper is to compare the area/volume and the décollement depth in two accretionary prisms: the Apennines and the Northern Barbados Ridge. In a 2D analysis on geological and seismic sections across an accretionary prism, this value can be represented by the area of the wedge itself. Other helpful parameters to describe an accretionary wedge are the angles a and b which represent respectively the envelope of the upper wedge morphology and the dip of the regional foreland monocline at the base of the wedge [Mariotti and Doglioni, 2000] . The accretionary prisms geometry has been widely studied by different Authors and with different approaches [Barazangi and Isacks, 1971; Karig and Sharman, 1975; Mongelli et al., 1975; Arculus, 1978; Brown, 1982; Brooks et al., 1984; Jarrard, 1986; Otsuki, 1989; Cloos, 1993; Willett and Beaumont, 1994; Cochrane et al., 1996; Harabaglia and Doglioni, 1998; Moore and Saffer, 2001] . In spite of the natural variety of accretionary prisms and fold and thrust belts, some features have been recognized to be common to all of them [Chapple, 1978; Davis et al., 1983; Dahlen, 1990] .
[3] In cross section, accretionary prisms and fold and thrust belts show a wedge shaped geometry, overlying a basal detachment; the deformation is concentrated within the wedge, while under the basal detachment, the rocks show very low deformation. The décollement fault dips towards the internal part of the belt or the island arc, and in general is parallel to the foreland monocline. The upper slope of the wedge usually rises towards the hinterland [Dahlen, 1990] . These two slopes have been defined by two angles, a and b, respectively.
[4] Their variation in the accretionary prisms and in fold and thrust belts depends on different parameters, as the internal friction of the deformed rocks, the basal friction on the décollement plane, the erosion rate and the fluid pore pressure inside the wedge [Davis et al., 1983; Dahlen et al., 1984; Dahlen, 1990] .
[5] The wedge shaped deformed region is internally organized in thrust sheets whose internal geometry depends on parameters such as pre-deformation architecture of the foreland plate [Boyer, 1995, and references therein] , strat-igraphy and thickness of the sedimentary cover, basal friction, internal strength and pore fluid pressure, and other rheological parameters. A wide production of analogue models show their interactions [e.g., Mulugeta, 1988; Colletta et al., 1991; Liu et al., 1992; Koyi, 1995; Gutscher et al., 1996 Gutscher et al., , 1998 ].
[6] The total cross-sectional area of the wedge, combined with a and b values, provides a first-order description of the whole geometry of an accretionary prism. We show that this value is a function of the décollement depth, which in turn can vary from one prism to another and along strike within a single prism. Some other considerations regarding the area derive from its distribution with respect to the geometry of the subducting plate (area versus b), and to the elevation (area versus a). In this work we deal with the outermost portion of accretionary complexes, focusing on the aforementioned parameters (area, décollement depth, a and b).
[7] Our purpose is to show that the relationships between the area and the other parameters are similar when different accretionary wedges are considered. To reach this goal we have measured these parameters on seismic and geological cross sections through Apennines (Italy) and Northern Barbados Ridge. These two different subduction zones show comparable geodynamic evolution, characterized by a west directed subduction, and by an eastward migration of the arc.
Geological Setting of Northern Barbados Ridge and Apennines
[8] The Barbados Ridge complex (Figure 1 ) has long been identified as an accretionary complex and is well studied [e.g., Westbrook et al., 1984; Pindell et al., 1988; Pindell and Barrett, 1990; Shipley et al., 1995; Moore et al., 1995 Moore et al., , 1998 ]. This subduction zone forms the eastern boundary of the Caribbean plate, where Atlantic oceanic lithosphere is subducted westward. The Barbados complex is an intra-oceanic arc flanked on the west by the Grenada back arc basin [Biju-Duval et al., 1978] and to the east by the Atlantic oceanic crust.
[9] The forearc area consists of the accretionary complex of the Barbados Ridge and of the Tobago and the Lesser Antilles troughs, that correspond to the forearc basin. These basins contain more than 4 km of sediments, suggesting a very rapid subsidence and high accumulation rates since at least the Pliocene . Between the Grenada basin, the Tobago and the Lesser Antilles troughs, the Lesser Antilles volcanic arc is presently active with volcanic rocks as old as Eocene.
[10] The arc narrows from more than 450 km in the south to less than 150 km in the north. The seaward boundary of the arc is marked by a deformation front characterized by folding and thrust faulting [Moore et al., 1984, and references therein] , while a typical oceanic trench is absent.
[11] The sediments beneath the Atlantic abyssal Plain at the deformation front of the Barbados Ridge complex range in thickness from more than 4000 m in the south to about 700 m in the northern sector. Both the distance from the source areas and the damming effects of the Tiburon and Barracuda rises account for the decreasing sediment thickness to the north beneath the Atlantic Abyssal plate [Moore et al., 1984, and references therein] .
[12] The Apennines ( Figure 2 ) are a Late Oligocene to present mountain belt, related to the ''west'' directed subduction of the Adriatic plate underneath the European plate, along the Alps retrobelt [e.g., Doglioni et al., 1999a] . The downgoing plate is characterized by a composite lithosphere: in the north and the southwest it consists of thinned continental lithosphere, while in the Calabria-Ionian area it consists of oceanic lithosphere. This configuration corresponds to the continental passive margins of the Adriatic and Africa plates and to an intervening branch of the Tethys ocean which opened in the Jurassic [Bonardi et al., 2001, and references therein; Catalano et al., 2001 , and references therein].
[13] In such a scenario, the upper crust of the subducting Adriatic plate is offscraped and accreted in the Apennines belt. In the continental domain the thickness of the sedimentary cover is quite variable, ranging from 4000 to 10000 m. The sediments consist of pelagic and carbonate platform deposits (Triassic to Miocene in age) and of clastic foredeep sediments (Pliocene to Pleistocene in age). In the Ionian oceanic domain, the sediment pile shows a thickness up to 5000 m and consists of abyssal deposits of the Jurassic Figure 1 . (a) Structural-geological framework of the Northern Barbados Ridge with location of the studied sections and (b) representative cross section. Sections 1B, 3B, and 4B are from Bangs et al. [1990] ; 2B is from Moore et al. [1995] .
ocean and of the more recent syn-orogenic clastic sediments [De Voogd et al., 1992] .
[14] To the west, the Apennines are dissected by the Tyrrhenian extension, interpreted as the back arc basin developed from the Miocene [Bigi et al., 1989; Patacca and Scandone, 1989] . Between the Tyrrhenian basin and the Apennines arc, the volcanic systems of the Tuscany, Latium and Campania provinces and of the Eolian Islands are interpreted as a volcanic arc, which shows a southeastward migration of the activity from Late Miocene to recent [Serri, 1990, and references therein] .
[15] The structural setting of the wedge consists of a thinskinned fold and thrust belt, while the frontal part is characterized by a foredeep basin; both of them migrated eastward from the Late Oligocene to present [Ricci Lucchi, 1986; Vai, 1989; Boccaletti et al., 1990a Boccaletti et al., , 1990b Patacca and Scandone, 1989 , 2001 ]. The foredeep is filled by 3000 to 5000 m of siliciclastic turbidites, which represent syn-orogenic deposits.
[16] Both the Barbados and Apennines arcs are characterized by a west directed subduction, linked to an eastward migration of the slab [Pindell et al., 1988; Boccaletti et al., 1990a Boccaletti et al., , 1990b Gueguen at al., 1997 Gueguen at al., , 1998 Doglioni et al., 1999a Doglioni et al., , 1999b (Figure 3 ). The migration of the Northern Barbados Ridge is related to the evolution of the Caribbean area, that can be defined as a relative motion of about 1100 km in an approximately eastward direction since the Eocene with respect the North America plate [Briden et al., 1979; Pindell et al., 1988; Pindell and Barrett, 1990] .
[17] The evidence of the Apenninic subduction has been deeply documented in the last decades by geophysical and volcanological data that indicate the westward dipping subduction of the Adriatic plate underneath Italy [Peccerillo, 1985; Selvaggi and Chiarabba, 1995; De Gori et al., 2001] . This process is part of the evolution of the western Mediterranean area, characterized by a complicated puzzle of microplates, where the N-S convergence between Africa and European plates is considered the main geodynamic control factor by many authors [e.g., Tapponier, 1977; Boccaletti and Dainelli, 1982] . In an alternative interpretation, the N-S convergence is considered secondary with respect to the eastward migration of the Apennines arc, being this latter five to eight times faster than the N-S convergence (30 -40 mm/yr versus 4 -7 mm/yr) [Gueguen at al., 1997 [Gueguen at al., , 1998 ]. The geodynamic setting of the Apennines appears to be very similar to that of the Northern Barbados Ridge, which migrated eastward at a faster rate with respect the N-S convergence between the North and South American plates [Pindell et al., 1988] .
[18] The Barbados subduction zone nucleated along the ''east'' verging retrobelt of the Cordillera double verging orogen, in correspondence of the narrowing of the North and South America continental lithosphere (as also happened in the Sandwich arc, more to the south) [Pindell et al., 1988; Doglioni et al., 1999b] . In the same way, the Apennines subduction started along the retrobelt of the Alpine double verging orogen, likely in correspondence to a narrow corridor of oceanic crust, remnant of the western Tethys domain [Royden et al., 1987; Dewey et al., 1989; Dercourt et al., 1993; Catalano et al., 2001] . Alpine inheritances have been widely recognized within the Apennines [Boccaletti et al., 1990a, and references therein; Elter and Sandrelli, 1994; Vanossi et al., 1994; Barchi et al., 1998 ].
[19] A wide back arc basinal area is present in both subduction zones, associated with the eastward migration of the arc. In the Barbados area, in the eastern sector of the Caribbean plate, is located the Grenada basin, which has an extensional origin and separates the Lesser Antilles from the Aves Ridge, an extinct volcanic arc located in the west of Figure 2 . (a) Structural-geological framework of the Apennines with location of the studied sections and (b) representative cross sections (5A, oceanic crust; 6A, continental crust). Sections 1A and 2A are from Pieri [1983] ; 3A and 4A are from Bally et al. [1986] ; 5A is from Cernobori et al. [1996] ; and 6A is from Bello et al. [2000] .
the Grenada Trough [Westbrook et al., 1984] . In the Apennines, the back arc area is constituted by the Tyrrhenian and Tuscan basins, developing a thinned lithosphere, partly oceanized in the southern sector [Sartori, 2001, and references therein] . It was formed during the Neogene by extensional processes affecting the Alpine chain and the early formed Apennines arc.
Methodology
[20] The analysis has been carried out on published cross sections, four for the Northern Barbados Ridge and six for the Apennines (see Figures 1 and 2 for sections' location). The original data consist of seismic lines (TWT or depth converted), and of geological cross sections, based on unpublished seismic data. For the Northern Barbados Ridge seismic lines 465, 480, and 484 [Bangs et al., 1990] and line 688 [Moore et al., 1995] have been interpreted and measured (Figure 4 ). For the Apennines we considered two seismic lines for the northern part [Pieri, 1983] and two geological cross sections for the central part of the belt [Bally et al., 1986] ; for the southern sector, we used a seismic section crossing the offshore Calabrian arc and a geological section crossing Sicily [Bello et al., 2000] (Figure 4 ). TWT sections were depth converted using the Bangs et al. [1990] seismic velocity model (for the Barbados seismic lines 465, 480 and 484) and Catalano et al. [2000] and Monaco et al. [1996] velocity models for the Calabrian arc profile.
[21] For each section we measured the décollement depth, the surface slope envelope of the accretionary prism, a, the dip of the foreland monocline, b, and the area of the accretionary prism ( Figure 5 ). The depth of the décollement has been measured from the position of the frontal thrust inward, every 5 km; we have also considered the protodécollement depth, i.e., the thickness of the sediments pile above the stratigraphic projection of the décollement toward the foreland. In all the sections the best surface slope and basement top envelopes can be approximated to multiple segmented lines. Therefore more than one value of a and b, each corresponding to a segment, have been measured ( Figure 5 ). Observing how those angles change moving away from the frontal thrust, the geometrical configuration of the accretionary wedge has been studied with more detail. Two types of areas have been sampled (Figure 5 ), the area above the basal décollement (AAD) and the area above a horizontal line, starting from the tip point of the frontal thrust (AATP). The AAD is an expression of the total extension of the wedge, while AATP is representative of the wedge elevation with respect to the stable foreland. Due to the different length of the sections, the areas have been considered within the first 50 km from the frontal thrust.
Results and Discussion

Angles
[22] In the graphs of Figure 6 , a and b angles (listed in Table 1 ) are plotted with a vertical exaggeration in order to better display the shape of the two wedges. In the Barbados, a is approximately 2°in the first 35 km and less than 2°in the more internal parts; b has an average value of 2°for the first 80 km from the frontal thrust. The overall shape of the Northern Barbados accretionary prism is nearly constant along strike, since no significant lateral variation of the measured geometric parameters occurs (Figure 6a) .
[23] The Apennines show a larger lateral variability, both in the morphological profile of the wedge and in the dip of the foreland monocline (Figure 6b ). With respect to the Barbados, the values of b are higher in the Apennines, ranging from 2°to 20°in the first 40 km [Mariotti and Doglioni, 2000] , while the values of a are smaller, showing values equal to zero in the northern and central part of the belt. Geometrical similarities with the Barbados accretionary prism are most evident in the section 5A, which crosses the Calabrian arc, where the subducting lithosphere is oceanic in nature [De Voogd et al., 1992] .
[24] From Figure 6 it is evident that the shape of the accretionary prisms is strongly controlled by the geological character (oceanic or continental) of the downgoing plate. At least for the frontal part of the two wedges (about 100 km from the frontal thrust), the angles of the Northern Barbados Figure 3 . Migration of the arcuate fronts of (a) the Barbados (modified after Pindell and Barrett [1990] ) and (b) the Apennines (modified after Doglioni et al. [1999a] ) from their past configuration up to present.
Ridge are low, and are comparable with those of the Apennines only for the section that crosses the Ionian area. The remaining part of the Apennines show very different features. In the northern and central part (sections 1A-4A) the a values are approximately zero. This effect is likely due to the higher thickness of syn-and post-orogenic siliciclastic foredeep deposits. However, measuring the angle a using the envelope of the anticlines hinges instead of the surface slope, the values of a may be negative. This feature can occur in deep foredeep basins, where the regional subsidence rate is higher than the folds uplift rates [Doglioni and Prosser, 1997] .
[25] Despite the different trend of a and b angles in the Northern Barbados Ridge and the Apennines accretionary prisms, the g (= a + b) angles calculated in all sections (Table 1) show similar values (3°-4°), except for the Northern Apennines and the Sicily, where g reaches 15°.
In the critical taper theory, the total taper angle g = (a + b) of the wedge increases for a decreasing of the internal friction coefficient (m) and an increasing of the basal friction coefficient (m 0 ) [Davis et al., 1983; Dahlen et al., 1984; Dahlen, 1990] . Perhaps comparable g values correspond to similar values of internal and basal friction coefficients? . Topographic envelope, a, and dip of the foreland monocline, b, for (a) Barbados and (b) the Apennines accretionary prisms. Angles are strongly exaggerated to highlight the differences (vertical exaggeration: x11); x and y axes are the kilometric horizontal and vertical distance from the frontal thrust.
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[26] An affirmative answer could be sustained by the analysis of the accretion mode of these two wedges; in fact in the sections where g has comparable low values, both wedges are characterized essentially by frontal accretion with imbricate fan tectonic style which affected the sedimentary cover of the downgoing plates. This configuration is described by analogue models for accretionary wedges with low basal friction [Gutscher et al., 1998 ]. We can also highlight that, where the g value is higher (as in the case of the sections 1A, 2A, and 6A) even the accretion mode of the wedge is different [Gutscher et al., 1996] .
Décollement Depth
[27] In Table 2 the mean values of the décollement depth, calculated considering the first nine depth values of each section, and the protodécollement depth values, are reported. In Figure 7 , the geometries of the basal décolle-ment are displayed.
[28] The sections of the Northern Barbados Ridge show very similar shapes, with a southward deepening of the detachment. In the Apennines, the basal décollement shows very different trends, with a high variability in depth and dip. The deepest and steepest décollement are located in the Northern (sections 1A and 2A) and in the Southern Apennines (section 6A). The Calabrian arc section (5A), located in the external part of a salient of the belt, more distant from the subduction hinge, shows décollement depths and shape comparable to the Barbados sections, with smoother trend and shallower depth with respect to the Apenninic sections mentioned above. The Central Apennines sections show an intermediate configuration: an overall trend similar to the oceanic sections, but located at deeper depths.
[29] The geological characters of the downgoing plate seem to control also the basal décollement depth (Figure 7 ): deeper detachment levels correspond to the continental crust, covered by a thick pile of passive margin deposits, while shallower décollements occur in the oceanic crust, covered by a reduced thickness of sediments.
Areas
[30] Comparing the cross-sectional area trend of the Barbados and the Apennines accretionary prisms with the thickness of sediments accreting from the lower plate (i.e., protodécollement depth; Figure 8 ), we found a good correlation between the latter and the extension of both prisms (expressed by the AAD).
[31] The overall area of the wedge (ADD) seems to be totally controlled by the depth of the protodécollement. For very shallow protodécollements, as in section 2B of the Northern Barbados Ridge, where the sediment pile is 320 m thick, the AAD is small; deeper protodécollements, as in the Northern Apennines (e.g., section 1A, where it reaches Figure 7 . Geometries of the basal décollement in (a) the Barbados and in (b) the Apennines accretionary prisms. Horizontal distance from the frontal thrust on the x axis; depth value of the basal décollement on the y axis (vertical exaggeration: x3).
10,835 m), produce bigger AAD: 84.7 km 2 and 750 km 2 respectively. The relationship between the protodécollement depth and the AAD is nearly linear (Figure 8 ), implying that other factors must be secondary at least up to 50 km from the frontal thrust. The deeper the décollement depth, the bigger the area of the deformed rocks in the accretionary prism ( Figure 9 ). Thus the accretionary prisms grew by systematic accretion, and apparently are not affected by periods of subduction erosion. This is frequent along subduction zones where the rollback process is faster than the convergence rate, producing back-arc spreading [Royden, 1993] . This type of setting is also characterized by low coupling between upper and lower plates [Scholz and Campos, 1995] .
[32] We can also add that it is generally true that deeper décollement depths are located in continental areas, as observed in the sections examined before (see previous section). However we would like to point out that the position of the protodécollement is likely to be controlled by factors as pore fluid pressure, internal strength of rocks, etc., at a local scale, and by the mode of accretion of the overall wedge at the regional scale. This implies that décollement could propagate at different levels even in comparable geological configurations, as can be inferred observing the high variability of the depth of the décolle-ment in the continental sections of the Apennines.
[33] The correlation between the area above the tip point (AATP) and the protodécollement depth is not linear (Figure 8 ). This could suggest that the elevation of the wedge is not directly controlled by the amount of sediments that are accreted from the lower plate; therefore some other factors should be taken into account to explain size and variability of this area value.
[34] Comparing the ratio between AATP and AAD (Table 3 ) and the protodécollement depth, further considerations are possible. In the Barbados accretionary prism their ratio is about 1/2. In the Northern Apennines (sections 1A and 2A), 1/5 of the total area is represented by the AATP and the depth of the protodécollement is very deep (around 10,000 m); in the Central Apennines (sections 3A and 4A) the AATP is 1/3, and the décollement is shallower (around 5500 m); in the oceanic section of the Apennines (section 5A), we registered the same ratio, but the décollement is even shallower (2500 m); in the southern part (Sicily, section 6A), 1/10 of the total area is represented by the elevation with respect to the foreland, and the protodécolle-ment is shallower than the northern one, but deeper than the central one (see Table 3 ). That is, the ratio between AATP and AAD is always smaller in the Apennines than in the Barbados (where it is approximately equal to 1/2). Moreover, comparing this ratio with the thickness of sediments accreting from the lower plate, it is worth noting that a smaller ratio corresponds to higher protodécollement depths (Northern and Southern Apennines), and vice versa (Central Apennines, Ionian area and Barbados), and to higher b values ( Figure 10 and Table 3 ).
[35] We can then suggest that upper surface and elevation of the wedge (a and AATP values) could be primarily controlled by the position of the wedge with respect to the curvature of the downgoing plate. Further controlling factors may be the geometry and the rheology of the downgoing plate [Wang, 2001] .
[36] For the Apennines, the situation described above has to be combined with the rollback mechanism that progressively tends to retreat eastward the slab inducing a wedge The b value has been calculated over the distance of 50 km from the frontal thrust. migration toward the foreland. This mechanism would generate a continuous process of accretion of the wedge (according to its frictional characters on the basal décolle-ment and inside the wedge) but without a comparable growth of the elevation of the wedge with respect to the stable foreland.
Conclusions
[37] We have measured and analyzed a few geometric parameters on seismic and geologic cross sections (four for the Northern Barbados Ridge and six for the Apennines): the area of the wedge in the first 50 km from the frontal thrust, the basal décollement depth and the angles a and b, that represent, respectively, the envelope of the surface slope and the dip of the basement top of the downgoing plate, the so-called foreland regional monocline.
[38] Comparable relationships between the area and the parameters above mentioned have been obtained considering these two accretionary wedges.
[39] The shape of the accretionary prisms, defined by a and b values ( Figure 6 and Table 1), is strongly controlled by the geological characters of the downgoing plate. Lower angles are associated to oceanic plates (Barbados and Ionian Sea), while higher angles are typical of continental plates (Apennines). This configuration is likely due to low friction of basinal sediments, which allow more prominent salients of the accretionary wedge in oceanic environments, farther from the subduction hinge. The same control seems to be exerted by the geological characters of the downgoing plate on the depth of the basal décollement: deeper detachment levels are located in the continental crust, covered by a thick pile of passive margin deposits, while shallower décolle-ments occur in the reduced thickness of sediments covering the oceanic crust ( Figure 7 and Table 2 ).
[40] The overall area of the wedge (AAD) seems to be totally controlled by the depth of the protodécollement (Figure 8) . The deeper the décollement depth, the bigger the area of the deformed rocks in the accretionary prism. That is evident in all the examined sections, whatever is the geological environment of the subduction zone. The linear relationship between the AAD and the protodécollement depth implies that other factors should be secondary, at least in the outermost 50 km of the wedge.
[41] Even if it is generally true that deeper décollement depths are located in continental areas, and as a consequence, bigger areas should be expected in accretionary wedges generated by the subduction of continental lithosphere, we need to point out that the position of the protodécollement is likely to be controlled by factors as pore fluid pressure, internal strength of rocks, etc., at a local scale, and by the mode of accretion of the overall wedge at regional scale. This implies that the décollement could propagate at different levels even in comparable geological configuration, as can be inferred observing the high variability of the décollement depth in the continental sections of the Apennines (Figure 8) .
[42] We also measured the elevation of the wedge with respect to the stable foreland, expressed by the AATP. Contrary to the previous area value, the relationship with the depth of the protodécollement is not linear; this implies that the AATP is not directly controlled by the thickness of Table 3 ). A good correlation between these two parameters is observed; lower AATP values correspond to higher dip of the downgoing plate, as shown in the cartoon. the sediments that are accreted from the lower plate; therefore the nature (continental or oceanic) of the subducting plates exerts a minor control on the elevation of both wedges.
[43] Comparing the ratio between the two areas (AATP/ AAD) and the depth of protodécollement, it can be observed that a smaller ratio corresponds to higher protodécollement depths (Northern and Southern Apennines), and vice versa (Central Apennines, Ionian area, and Barbados).
[44] The observed situation can't be explained only in terms of critical taper theory, where the angles of the wedge are linked to the basal and internal friction coefficient values only. We propose to explain this relationship correlating the elevation of the wedge with the position of the wedge with respect to the geometry of the downgoing plate. That is, the elevation of the wedge can be controlled by the geometry and the rheology of the downgoing plate and its position relative to the subduction hinge. It has been demonstrated that the influence of the flexural rigidity on the morphology of the wedge and on the plate deflection shows that for a smaller flexural rigidity and for defined values of internal and basal friction coefficients, the amount of deflection is higher, and the surface slope of the wedge is reduced [Wang, 2001] . Considering only the geometry obtained from this configuration, a more deflected plate tends to hinder the growth of the elevation of the wedge with respect to the stable foreland. Moreover, this configuration is consistent with a mechanism of plate rollback, which is largely applied to the Apennines subduction [e.g., Royden et al., 1987; Patacca and Scandone, 1989; Boccaletti et al., 1990a; Gueguen et al., 1997; Doglioni et al., 1999a Doglioni et al., , 1999b .
